Summary One hundred and one histologically confirmed gastric cancer patients in Gwynedd, North Wales, were matched by sex, age and social class to two hospital inpatients without cancer. Seventy-seven of the gastric cancer cases were also matched, using the same criteria, to a patient with a confirmed cancer of a different site (excluding oesophagus). A (Stocks, 1936 (Stocks, , 1937 (Stocks, , 1939 and although the disease is declining in the United Kingdom as a whole, the incidence in some administrative districts of Gwynedd (North-west Wales) is still substantially higher than the national average. This fact is strikingly displayed in mapped form by Howe (1970) and by Gardner et al. (1983).
An unusually high incidence of gastric cancer has been observed in North Wales for many years (Stocks, 1936 (Stocks, , 1937 (Stocks, , 1939 and although the disease is declining in the United Kingdom as a whole, the incidence in some administrative districts of Gwynedd (North-west Wales) is still substantially higher than the national average. This fact is strikingly displayed in mapped form by Howe (1970) and by Gardner et al. (1983) .
The high incidence in North Wales has never been satisfactorily explained although the possibility that environmental and/or dietary factors are involved has been investigated by a number of different authors (Stocks, 1957; Davies & Wynne Griffith, 1954; Howe, 1979) . Furthermore, population migration studies among the Welsh (Armstrong et al., 1983 ) and other races (Haenszel, 1961) would seem to exclude genetic influences as a major factor in aetiology.
Many parts of Gwynedd have in the past formed 'island communities' with static populations who could thus be exposed throughout life to local environmental carcinogens. Bracken (Pteridium aquilinum) is widely distributed and one of the most successful weeds worldwide (Fenwick, 1988) . It is estimated that almost 7% of Wales is occupied by bracken, and in Gwynedd the coverage is substantially greater, exceeding 20% land cover in parts of the county (Taylor, 1985) .
Many investigators have demonstrated the carcinogenic potential of bracken in a variety of animal species. Chronic bovine enzootic haematuria, which may be followed by bladder cancer, has been reported among cattle from many parts of the world (Pamukcu et al., 1967; Jarrett et al., 1978) . In all cases there is good evidence that the animals have been affected as a consequence of grazing upon growing bracken or of eating cut bracken used as bedding; and bracken feeding experiments have confirmed the association (Pamukcu et al., 1967) . The earliest experimental work was performed on rats who were given bracken fronds in their diet for 2 months; all the animals succumbed to ileal adenocarcinoma (Evans & Mason, 1965) . The same workers obtained bladder tumours in guinea pigs, but in mice the most frequent malignancies produced were leukaemias and gastric carcinoma (Evans, 1984) . The same malignancies can also be produced by feeding bracken spores to these animals (Evans, 1986) . Among the features of bracken carcinogenicity of special interest observed in these mouse experiments are the vulnerability of the young weanling animal and the relatively long latent period before gastric tumours develop (Evans, 1987) .
In view of the fact that milk derived from cows feeding upon bracken is carcinogenic to mice and rats (Evans 1984; Jones, 1974; Evans el al., 1972) (Stocks, 1961 A total of 202 non-cancer controls and 77 cancer controls (Table I) were ultimately matched from a combined total of 401 inpatients interviewed as controls. The non-cancer controls were chosen from inpatients having a wide range of acute and chronic medical and surgical conditions. The cancer controls had a wide range of the common sites excluding oesophagus (Table II) but were more difficult to match, and this was achieved in only 77 instead of the 101 planned. Some intended interviews were aborted for reasons of frailty or refusal to co-operate. The number of such patients is not large and is not included in the number of 401 interviewed.
At the end of the study, the controls were optimally matched to the cases using the specified criteria, and the excess controls were discarded. This led to a shortfall of less than a dozen controls in certain age groups. These were obtained at the end of the survey by specifically seeking the required matches in the hospitals, selected upon a basis of availability.
The general section of the questionnaire included the questions relating to bracken exposure in childhood (up to about 14 years of age, still living at the family home). The inter- Fifty-one of the controls were re-interviewed using the original questionnaire after an interval of at least 6 months had elapsed from the time of the first interview, as a method of assessing the reproducibility of the answers given (Acheson & Doll, 1964) .
To compare the cases and controls a relative risk analysis (Breslow & Day, 1980) as modified by Smith et al. (1981) and Krailo (1984) Administrative area of residence showed minor differences in risk but was not significant with either set of controls.
The three significant risk factors in the comparison with non-cancer controls (bracken, residence and adult buttermilk consumption) were further anlaysed to adjust for each other. Neither residence nor adult buttermilk consumption are significant when added to a model already containing bracken (X2 = 2.23, d.f. = 1, and 1.00, d.f. = I respectively for difference in score test after adding second variable) and bracken was statistically significant when added to a model containing both variables (x2 = 7.78, d.f. = 1, P < 0.01).
Examination of the raw data and the results from multivariate analysis show that the people who are exposed to bracken in childhood tend to have been born in Gwynedd and so to have spent a large number of years in residence in Gwynedd. They also tend to be the people who drink buttermilk as an adult. The significant risk factors therefore are related to one another with bracken exposure the most important.
Discussion

Methodology
The questionnaire method can be tested for reproducibility but not for accuracy. The reproducibility shown by the reinterview data was reassuring and is similar to the findings of Acheson and Doll (1964) . An objective method of assessing exposure to bracken would certainly be desirable, but when childhood exposure is being considered this could entail information concerning bracken distribution at a time perhaps in excess of 60 years ago.
A source of concern is the possibility of an unrecognised systematic bias which could have entered into the selection of the cases and controls, but we consider the method described to have minimised the risk. Furthermore, the number of aborted interviews and refusals to participate were few. The gastric cancer cases were in the vast majority of instances unaware of the diagnosis; in fact many were interviewed before biopsy confirmation was obtained. Since many were located through the endoscopy unit they quite frequently had early symptoms only, but several of the cancer patients were probably more ill than the non-cancer control patients. In view of the length of the questionnaire, this fact could have influenced concentration and therefore the accuracy of the answers towards the end of the interview. The bracken exposure question and all the bracken related questions, with the exception of buttermilk consumption, were in the first section of the questionnaire and would have been completed early in the interview.
We did not attempt a 'blind' interview. It would have been reasonably obvious to the interviewer that she was dealing with a case rather than a control. There had been some reports in the press concerning the possible links between bracken and cancer in human beings before the study commenced and we cannot rule out this possible influence upon the interviewer, but the major publicity derived from an article in the Observer in November 1987, two months after interviewing ceased, and the bracken related questions were only a part of the survey, of which the majority of the questions were about diet.
The bracken question 'in the vincinity of the childhood home' was not rigidly defined since it was not thought that greater detail would be remembered after periods in excess of 50-60 years. Our original attempt to quantify the exposure, using the terms 'plenty' and 'some', was probably misguided since they cannot be defined objectively, and it is possible that this lack of objectivity may explain the lack of trend observed. For this reason the two exposure levels were combined to give a bracken exposure group in the analysis.
Significance of the results
The major finding in this study has been the positive correlation between the occurrence of gastric cancer and exposure to bracken in the childhood environment with a relative risk of 2.34 (P<0.001) when comparing exposure to non-exposure with the ordinary controls, and a relative risk of 2.09 (P<0.05) with the cancer controls.
It would be reasonable to assume that if bracken in the environment is related to the development of gastric cancer later in life, overall duration of domicile in the area as well as childhood exposure would also be important. This effect is supported by the evidence of a steadily increasing risk with lengthening years of residence. As our controls are age matched this finding is not confounded by the influence of age on the incidence of the disease.
When examining the potential vectors of the bracken carcinogens a raised relative risk was found for those consuming buttermilk as an adult. We also note the slightly, but not significantly, raised relative risks for well water, drinking buttermilk as a child and having a job in a farm or quarry. The well water finding is in accord with other studies reported from Japan and Colombia (Cuello et al., 1976) .
The possibility exists that bracken exposure is a proxy variable for something not studied here. All the questions we asked concerning bracken and its vectors could be interpreted as showing life in a rural environment which may imply a lower socio-economic group, and so either of these could be the risk factor rather than bracken itself. However, Correa et al. (1978) , using data from cancer registries, have demonstrated no important or consistent gradient in risk between urban and rural populations, and Stocks (1961) , in a comparison of farm and quarry workers in Cheshire and North Wales, showed that not only the job but also the geographical area were risk factors. Even though socioeconomic group is well known to be associated with the incidence of gastric cancer we found that the relative risks from bracken exposure were 2.25 and 2.18 in the lower and upper social classes respectively and conclude that social class differences are not the explanation, although social class mobility from childhood to adult life may have distorted this picture.
At the moment there is little other published information linking bracken and human cancer but Hirayama (1979) has studied the high frequency of oesophageal cancer in certain prefectures of central Japan using a case-control method, and found that daily intake of bracken elevates the relative risk in men to 2.10 and in women to 3.67. Villalobos-Salazar (1987) has studied the age adjusted rates for gastric carcinoma in Costa Rica and reports a 2-3-fold higher incidence in the mountainous bracken contaminated regions when compared to the lowlands, which are bracken free. The same author (1985) also reports a positive correlation between the consumption of contaminated milk and gastric carcinoma, the presence of contamination being indicated by the occurrence of bovine enzootic haematuria within the areas studied. Although the contamination by bracken leachates of large water sources in North Wales is unlikely to be related to the occurrence of gastric carcinoma (Galpin & Smith, 1985) , it remains possible that small groups of people in rural areas using wells or small stream sources are at risk.
In the light of the above and information from the animal experiments we conclude that bracken is a risk factor although we have no clear evidence for or against any particular vector. We accept the need for further study, using some objective measure of bracken exposure, and consider that in areas such as Gwynedd the risk of significant contamination of water supplies and dairy products is steadily diminishing as supplies become bulked. However, the potential effect of bracken spores in the environment remains to be explored. 
